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OPERATION OF THE OPTICALLY PUMPED POLARIZED
H- ION SOURCE AT LAhlPF

R. L, York, D. Tupa, D. R. Swenson, and O. B, van Dyck

Los Alamos ~JationaI Laboratory, hlail Stop H838, LoE .AIamos, New hlexico

Abstract betwean rndntenance periods. The 25-uA

We report on tha first tlvo months of oporatAon of tho Op
tlcally Puwpd Polui4A Ion SourcQ (O PPIS) for the nu-

cleu phyrics rm.emch progrun *I LAMPF. Tho LAMPF
OPPIS is unique in udng Ti:Sapphe I-rs to polsrise
the potusium chmge-exchmge ruedlum, and unlil recen~ly
WU unique in uting A m~perconducting magnet in the ECR
oource snd potier regions. The ECR extraction elec-
trode biuing urangement la& unique, Typical parfor.

rnanca wu 25 microunp9 { NA currcfii (meanred ●t
7?J0 keV) with 55% beam potistion or 15 rmictoun~ St

62%. Ion sourca aTdlabUlty wu ~rottcr than 90%. W.
* roporb our p14nnd knprommcnls in prepustion for
rewtich oporation In May of 1991.

1 Introduction

87545

pcd currcnl Ic-

tults In ● 600-n A avora~a beun current in tho ex?erinlrlltal

ues st 6% duty with 10@n S chopphtg f~r neutron-spin in-
lerution experlmento.

Full deuripiions of optically pumped ion c.orrr:m cnn hc
[ou~d in the Literature. [1] A drawing of OPPIS at LAMPF
in shown in Figrrre 1, This ion murce has several unique

[eaturm, both in itoH- o.ourco and Its optical puilipilig

Oysteru

2 Features of LAMPF OPPIS

Tha OPPIS ECR oourca opaata st a frequency of 18 CHt
ud a powm lord of 1 kW, Tho ul.al rnqnatlc field of tho
ECR ud tho poluimr cdl b proddd by ● ~uperconduci -

inS m~not with ● 14 cm bore. Tti hrgc bore dlo~s for
vacuum pumping btt~m tho ECR extr~tlon Icnsti and

the poluis.or call, minbddn g tha unpoluh~ H“ bcalll

formed from rcelclual hydr~oa gu.
Tho ECR ●xtr=tlem tystim concbts of thrti mrrltlnpcr -

turo l.n~. Tho doctroda uo W In tbt ‘~celacccl”
confignrstlos [2] to prc-dnc, ● low dlwr~onco H+ bcall~,
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Flgun 2: A xhomatic of tho optical pumping syst,m Of LAMPF OPPIS,

For the 1990 operating period, Iensea of l-mm thlckn-
mnd l-mm tpuing aud ● hexagonal cloe.s-packed uray of
37 or 19 l-mm &motar hola dth 0.25 mm wob between
hobo were d. The lens configrrration hu ei.nce been

further optimised; details of thm experiment Ue ~ven
later in thb paper.

A tcherrmtic of the optical pumping oystem of OPPIS u
given in F@re 2. LAMPF wu tha tlmi bdity to WI K
rather thur Na in the potier cdl, Potassium can be op
ticaily puinpd by the Aid-atato Ti::sapph.iro Iuor, Thew
Iuere cm prodaco ~vor 3 W of light with ● bandwidth
of -500 ME-, which ef?lchntly pumpe the 1.3 CJHnband.
width of K, TM IUCC loser power makee it #blo to
maintain hAgh polubatiom while ded.lat@ ● aiqle Iuet
to ● puticu.lu sph st A},dm.IplJfying the cpln-fflp proce.
dure gre~tly aad allowing rapid op+.m9Jp, The Ti::eapptd.re
Iuere hava stable fK~KIOnCy and PO-. Thai.r raliabillty
coritributod to the b.igb ●vadsbility of poluid ham.

Am shown in Fig. 1, the OPPIS 4-koV hamlho h- ●

16° bend before the beam u ~td into tho 750-kV high
voltage column, Tb.h foatnm allows for elWut insmtb~
of tho ber beam and ●dds de+th th~ Ugh-ktineity
nculral hydrogos ham d dh8U vwpor i.mtho h@ volhge
colnmm This bnd Is ~~ by combiaod electric
and magnetk fidds baked to cIve no not Bpi.n prff-
don with respt to tha putkbe dlrectioaof motion. This
allows s Iongitudldly ~ b to h *td into
the 7M1-koV sph pmc+ -, wb.icb ~VU the upeK-
imantai uw comp&te Worn of O* orientat.h Six.
th~ O* pIOCUdO~ b ptOpOtid to the MOdOQS put

of th. pdkle gyromqnde do, wkh fbt E- iou k

-3.78, tho spb correcth d~dco hu ● m~etk fi.ld to
~re ● 4,2* left bend md ●lectric fldd to give●pprdmately
● 20.2’ rlgkt be~d for net hd of 16°, Tha ehctAve field
length on d k lM mm. Tha MdI hmve th ty@cd EM B
or WiQB Aitcr geometry in a very comput spuo, 00 the

device is termed the ~eeny Wiony flltor. ” The T~cny
Wieny filter accomplish tho 16° bend and spin precession
correction with no meuurablg I- of beam intaneity.

3 Development Experiments

One of the reuone for the succdul performance level of
OPPIS ie the change horn ● accal-d~el to an ●cccl- acccl
extrution syetom, The accel+ccal mode products an H-
current dencity that is aoven tima that of the accel-decel
mode [2]. Since the ond of the LAMP? cxperimont run
cycle in Octobor 1990, ●xperimen~ to furthar optimise the
ECR utrutioa Imwa hsva hem Petformd. Whr the
extraction low Me opaatod in the ucehacccl mode ~nd
the net extrution vc!tqc h Iowerod, wa IAieve the plul,l~

oheath becomd k-l concave, r~u!tiag in ● more parall?!
H+ hew. ‘rh.b ~Jd H+ beam produca *ION d.ivergcnt
Ho beam which better matcha the small uceptance angle
of the ionhr ceU (10 mmd),

In UMtion to tk: ●xtrutioa voltqo, hn hportant pA-

ratneter ddermlninS tht drergcnce mgle of tho H+ b~a~n
iJ tho SPULXCbetm~ the first two Ionm. Data ●xpioring

tho affectof thisopuhg u ● function of .xtraction voltage
b shown Lo F~. 3. Tho dat~ ohowc that for 2-Iuur spacing

the ucol-ucel Mat k not ●violent, For the O,%mm opRc-
irrg, ci@cmi be- heatim~ of the K cdl wu obwwd, JO
thb dsh wm taken with ● 0,5-cm dhmohr beuu for COIII-
pubm. The optimum opdng for l-mm hobo ad l-l~)iil
\hickn~ moms to b4 1 mm.

Atioihot import~t ~-~tii ior the H+ b~~ quality

u upect rstio, whore espect rsih b dfined m the ratio of
● single exirwtbm ho& cllamchr tohe thlckn~. Studlrs
indical. that the accol-ucol mode doa not work w*II for
up~t ratio ~roat~t thu 1.0, The data nhown in Fig. 4
indicaiti that an upci ratio or 0.76 iA 20% better tllnll

that of 1,0,
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Flecauaa some of the nacleu physics ●xperiments at
LAMPF have limited current tolerance, which enhancm
tho beam poldgatlon reqticmant, conaidorablc effort hae
been concmtratd on improving polubatlon. The K cell
dlametor IO 0.8 cm and tho H+ beam, with 37 hold in ●

Cb4@-pdOd hcxwonal pattern, haa a fht-tdat diutmtot
of 0.7 cm. When tho H+ extraction gaoniotry k ckged to
● 19-holo Wttmn with a bm.m d.iamator of 0,5 cm, and half
the extraction area, the E - bemm poluhtion kcre~
from 55% to 62%, Two effects coatribatc to this impro7-
n.reni, Lowering the extraction arcs redmcas tho reqciired
hydrogen dew, thus IicnAting the unpofdsad beutr forrrd

from residual gu. Also, there u a radid depencl~nce of K

polarisation in the polmk~ target due to insulflcient lwr
coverage -d depotig wdl collhio~. Thuc, a cmaller
diametar H+ be- Mhcte onfy th mora pohhd portion

of the K target. The improvomant in bea.ru polarisation u
probably s cotubhation of the effecto.

The dependence of beun polarisation on the rnagn~tic

field strength in the Na iotier cell WM explored. increas-
ing the solenoidal magnetic field strength ftom 1s00 g to
2000 g increu.cs the beam relatire polarisation 3’??0,but

dccre~ the beam current 25%. The decreu in bealn
current is due to the increti emittance of the H- beam

[3J.

Another enhmcement of beam polarisation WM achicvrd
by tuning both Ti::oapphire lasers to pump a oingle spill
state. Thh not only doubles the ●vailablo l-r poww bllt
alao iruprovea the spaclal and fiquoncy covora~a of the

K vapor. Th.ls r~ul~ In ● raktim improvement In beam

poltiation of 8%. Uxlng thlm ●et, i.ncrsti~ th. n~ag-
netic tleld in the Ionlmr denoid to 2000 g, and using a

0.5 crv H+ beam yiel~ 13 PA with beam polarisation of
70%. Work u currently in progreu to develop an auto-
matd ker frequency adjustment, to allow spin flippin3
with both losers tuned to each spin state. Progreu in ihio

endeavor u r.poztd by Swanson, ct al, st thisconference.

Conclusion

Tho porform~co of OPPIS hu ●nhwcd tho LAMPF
nautron. spirr Intoractlonpr~~, Dovebpuiant eflorto ●re
fucuesul to Impror. the bouu Poluieatlon to better sat-

isfy the full range of ❑uclou sph experiments. The p~r-
form-ce Icd goal for 1991 is 20 PA ~t 60% polarization
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